authors request that the following correction be noted. Three immunoglobulin VH-related sequences from the goldfish, Carassius auratus were presented. These were of two apparently functional genes (gene 3, GenBank accession no. J03616, and gene SA, GenBank accession no. J03617) and one pseudogene (SB, GenBank accession no. J03618). It has become apparent that two of these sequences (gene SA and pseudogene SB) are of higher primate (probably human) origin. This conclusion is based on the observations that (t) the sequences are very close to those of some reported human VH3 sequences (compare SA with sequence 60P2 of Schroeder et al. (25), (it) the recombinant A phage in which genes SA and SB are present also contains a typical Alu repeat sequence, and (iii) although we have not been able to find any evidence of contamination that could explain our results, we have also been unable so far to find sequences SA and SB (or closely related sequences) in goldfish other than the two individuals reported in this study. Therefore, we have no conclusive evidence for an interspecies gene transfer. The third goldfish sequence that we presented (gene 3), which was cloned from the same library as genes SA and SB (9) 
structural features (5'-putative promoter region, split hydrophobic leader, three framework and two complementaritydetermining regions, and 3'-recombination signals for VH to diversity region joining) and that goldfish VH genes are not more closely related to one another than they are to VH genes of evolutionarily distant vertebrates such as the mammals. Goldfish VH genes appear to exist in distinct families, and individual goldfish can carry from none to apparently >15 genes of a given family. These results suggest that whereas the basic structure of VH genes has been conserved in evolution, there may be substantial variation in the nature and population distribution of VH gene families in the vertebrates.
The great diversity of antibody specificities is derived from multiple germ-line copies of the gene segments encoding the antigen-binding site, the variety of possible recombinations of these elements, and somatic events that introduce mutations and junctional imprecision during recombination (1) (2) (3) . Of the three elements [heavy chain variable region (VH), diversity, and heavy chain joining region] encoding the binding-site-containing domain of the immunoglobulin heavy chain in mammals, the VH genes are present in the greatest number in the germ line and have also been suggested to encode the region that is the primary determinant of bindingsite specificity (4) . In the course of vertebrate evolution, the immune system appears to have increased in complexity, for example, in terms of the appearance of multiple structurally diverse classes of antibody (5) , and in its efficiency, e.g., the appearance of antibodies with higher-affinity binding sites, and in the phenomenon of rapid increase of antibody affinity during an antibody response. A complete understanding of the evolution of the immunoglobulin molecule will be dependent on our knowing the structure, diversity, organization, and expression of the immunoglobulin gene elements in diverse vertebrate groups. Whereas the observation of the unusual organization of VH, diversity, heavy chain constant, and joining region genes in an elasmobranch (6) in multiple repeating clusters of -10 kilobases is clearly consistent with the restricted antibody response seen in this species (7), it is not known if this pattern of gene organization is restricted to the elasmobranchs or is representative of the ectothermic vertebrates in general. The teleost fish are one of the major vertebrate classes for which large gaps exist in our knowledge. No information on the primary structure of their immunoglobulin molecules or the genes encoding them is available. Here we describe the structure of VH genes in a teleost fish,t the goldfish (Carassius auratus), and present evidence that the organization and expression of VH gene families in this species is different from what has been observed in the mammals.
MATERIALS AND METHODS
Cloned Genomic DNA of the Goldfish. The construction of a genomic DNA library in phage A EMBL4, its screening under Pl/EK1 containment, and the initial characterization of seven recombinant phage showing cross-hybridization with the S107 murine VH probe (8) have been described elsewhere (9) . DNA fragments of interest were subcloned and sequenced by the dideoxynucleoside triphosphate chaintermination method (10) . DNA Blotting. Genomic DNA (10 jug) or phage DNA (1.0 ,ug) was digested to completion with restriction enzymes, electrophoresed in one dimension on agarose gels, and blotted onto nitrocellulose sheets by standard techniques (11) , as described (9) . DNA probes were nick-translated to a specific activity of 2-5 x 10' cpm/jug, and hybridization was carried out exactly as described (9) . Filters were washed four times for 30 min under low-stringency conditions (520C; 0.15 M NaCI/0.015 M sodium citrate/0.1% NaDodSO4) or high-stringency conditions (650C; 0.015 M NaCI/0.0015 M sodium citrate/0.1% NaDodSO4) before drying and exposing to x-ray film at -70°.
RESULTS AND DISCUSSION
Structure of VH Genes in the Goldfish. The functional regions of and sequencing strategy for two VH genes and one pseudogene cross-hybridizing with the murine S107 probe are shown in Fig. 1A . Gene SA and pseudogene SB were derived from the same recombinant A phage, a partial restriction map of which is shown in Fig. 1B . Segments SA and SB were separated by --5.7 kilobases and were in the same transcriptional orientation. The nucleotide sequences (Fig. 2) (13, 14) . Translation of the nucleotide sequences for genes 3 and 54 into inferred amino acids (Fig. 3) showed, in an alignment with S107, a clustering of sequence identities in the framework regions (especially near the cysteines) and the much greater divergence of sequence in the complementarity- TGT GAGGTGAAGCTGGTGGAATCTGGAGGAGGCTTGGTACAGCCTGGGGGTTCTCTGAGACTCTCCTGTGCAACTTCTG   CDRI   FR2  230  240  250  260  270  280  290  300  GCTACACCTTCAGC GGCTACACTATGTAC TGGGTCCGCCAGGCCCCCGGGAAGGGGCTGGAGTGGGTCTCA CGTA  GGTTCACCGTCAGT AGCAACTACATGAGC TGGGTCCGCCAGCCTCCAGGGAAGGGGCTGGAGTGGGTCTCA GTTA  SATTCACCTTCAGT AGCTCCTGGATGCAC TGGGTCTGCCAGGCTCCGGAGAAGGGGCTGGAGTGGGTGGCC GACA   GGTTCACCTTCAGT GATTTCTACATGGAG TGGGTCCGCCAGCCTCCAGGGAAGAGACTGGAGTGGATTGCT GCAA   CDR2  FR3  310  320  330  340  350  360  370  TTTACGATGACGGGAGTGATGTGTCC------TACGCCGACACAGTGAAAGGT CGATTCACCATCTC-CAGGGATAATGC  TTTATAGCGGTGGTAGC---ACATAC------TACGCAGACTCTGTGAAGGGC CGATTCACCATCTCCAGAGACAATTC  TAAAGTGTGACGGAAGTGAGAAATAC------TATGTAGACTCTGTGAAGGGC CGATTGACCATCTCCAGAGACAATGC  GTA6AAACAAAGCTAATGATTATACAACAGAGTACAGTGCATCTGTGAAGGGT CGGTTCATCGTCTCCAGAGACACTTC   380  390  400  410  420  430 (8) . Within the coding regions, gaps were introduced only within complementarity-determining region 2 (CDR2). Gaps outside the coding region were introduced to allow alignment of the conserved octameric sequence ATGCAAAT (position -145), the start codon, and the conserved variablp-4iversity recombination signals on the 3' side of the coding region. In addition, some gaps were introduced to allow alignment of obviously similar regions of sequence in the intron splitting the leader region. The (8) is identical to that shown in Fig. 2 . The one-letter amino acid code is used.
(which was not a result of rearrangement during cloning or propagation of the library, Fig. 4 ) strongly suggests that they are the products of a gene-duplication event. The identity values in the protein-coding regions, in terms of nucleotides (and in parentheses in terms of inferred amino acids) for the alignments shown in Figs. 2 and 3 are as follows: for gene 3 vs. gene 5A, 73% (67%); for gene 3 vs. S107, 60%6 (53%); and for gene SA vs. S107, 76% (68%). A search of the sequence data base of the Protein Identification Resourcet indicated that the closest relationships for mature protein sequences of the two goldfish genes were to be found among human VH III regions. In the case of gene 3, there was a 76% identity with KOL (17) , and in the case of gene SB there was an 86% identity with BUT (18). However, there was an even closer similarity observed in a comparison of leader regions, involving gene SA and human gene HIJ (19) in which there was 96.5% identity at the nucleotide level and 89.5% identity at the inferred amino acid level. While the strong conservation of an 18-or 19-amirio acid leader peptide in heavy chains is notable since apparently approximately one in five of randomly generated peptides can function as signal peptides for protein secretion (20) , it is perhaps more surprising that there is conservation, in the VH genes, of the intron that always splits the leader-encoding region after the first base of the codon for amino acid -4. This intron has no known function, and its presence suggests that, in the course of VH gene evolution, mechanisms other than those acting to maintain on the one hand functionally essential structures and on the other hand a sufficient diversity of binding sites to meet antigenic challenge may have operated. One possible mechanism is molecular drive (21) that could have acted by processes of nonreciprocal exchange to maintain VH gene structures independently of their selective value.
VH Families Related to Genes 3 and 5A in the Goldfish. To determine the number and distribution of VH genes closely related to genes 3 and 5A, Southern blot hybridization analysis under high-stringency conditions was undertaken. Of 35 independently derived, unique, S107 cross-hybridizing recombinant phage clones recovered from the library, probes for genes 3, SA, and 5B hybridized only with the phage in which they were cloned (data not shown). Hybridization of probe 5A back onto restriction digest fragments of the original DNA from which the library was constructed (Fig. 4) showed only two hybridizing components of identical size to those present in the digest of the phage, suggesting that no rearrangement of the DNA in this region had occurred during construction or propagation of the library and that phage clone 5 contained all the members of the VH gene family present in the original genomic library.
When the hybridization of probes for genes 3 and SA on DNA from other individual goldfish was tested, it was observed that 14 out of 15 fish lacked sequences crosshybridizing under high stringency conditions with these probes. The DNA from the 15th fish, however, showed multiple restriction firagments hybridizing with probes for gene 3 and gene SA (Fig. 5) . The patterns of hybridizing fragments for the two probes appeared to overlap significantly but not completely (Fig. 5) This work was supported by grants from the National Science Foundation (PCM 8408484 and 8709877).
